To assess whether people with type 2 diabetes transferring from higher basal insulin doses (> 20 units) to a starting dose of 16 units of insulin degludec/liraglutide (IDegLira) benefit from IDegLira with/without transient loss of glycaemic control.
Introduction
IDegLira is a once-daily, titratable, fixed-ratio combination therapy developed for the treatment of type 2 diabetes. It is composed of the basal insulin degludec U100 (degludec) and the glucagon-like peptide-1 receptor agonist (GLP-1RA), liraglutide [1] . The benefits of combining therapies that target different pathways are well established in several chronic disease areas [2, 3] and type 2 diabetes is no exception. Combination therapies such as GLP-1RA/basal insulin can be more effective in lowering glycaemia in people with very high HbA 1c [> 86 mmol/mol (10.0%) and/or 22 mmol/mol (2.0%) above target], in people with type 2 diabetes uncontrolled by oral anti-diabetic drugs, or as a simple intensification option in people inadequately controlled on either basal insulin or GLP-1RA [4] [5] [6] . This approach, especially when used as a fixedratio combination, has the benefit of improving control of both fasting plasma glucose (FPG) and postprandial glucose without increasing the risk of weight gain or hypoglycaemia commonly seen with addition of prandial insulin or up-titration of basal insulin [4] [5] [6] .
The DUAL clinical trial programme investigated the efficacy and safety of once-daily IDegLira, including in people inadequately controlled on basal insulin in combination with oral anti-diabetic drugs [7] [8] [9] . Results demonstrated that IDegLira combined the clinical advantages of each component (control of FPG and postprandial glucose), while mitigating the primary side effects of treatment with basal insulin (weight gain, hypoglycaemia) and GLP-1RA therapy (gastrointestinal adverse events). IDegLira provides a simple treatment intensification option for people requiring similar dose adjustments and blood glucose monitoring to a basal insulin therapy [10] .
In DUAL V and VII, participants with type 2 diabetes inadequately controlled with 20-50 units of basal insulin were randomized to transition to IDegLira vs. continued basal insulin up-titration (DUAL V) or basal-bolus insulin therapy (DUAL VII) [7] [8] [9] . IDegLira was initiated at 16 units (16 units degludec/0.58 mg liraglutide) in both studies, according to dosing instructions [11] , and titrated twice-weekly in 2-unit increments, based on fasting blood glucose readings. Using this starting dose, the liraglutide component was initiated close to the recommended 0.6 mg daily dose [11, 12] . For participants receiving higher basal insulin doses, the initial IDegLira dosing often resulted in a reduced basal insulin dose; of note, the mean pre-trial insulin dose in the two studies was 31-34 units daily. Although mean FPG and HbA 1c levels of the overall DUAL V and DUAL VII trial populations showed improvement over the course of the trial, the question remains whether: (1) these beneficial effects are noted regardless of insulin starting dose;
and (2) there may be a deterioration in glycaemic parameters soon after switching to IDegLira treatment, especially in those participants receiving higher doses of basal insulin prior to IDegLira initiation.
This post hoc analysis investigated the safety and efficacy of initiating IDegLira at 16 units vs. continued insulin glargine 100 units/ml (IGlar U100) up-titration (DUAL V) or basal-bolus therapy (DUAL VII) when switching from various doses of basal insulin. Therefore, we assessed the fasting self-measured blood glucose (SMBG) and other glycaemic parameters in participants across a range of pretrial insulin doses (20-29, 30-39 and 40-50 units/day) following treatment randomization.
Participants and methods

Study design and participants
To assess the safety and efficacy of initiating IDegLira at 16 units across the range of pre-trial insulin doses, we performed a post hoc analysis of the two DUAL trials that enrolled participants inadequately controlled on 20-50 units of IGlar U100 in combination with metformin: DUAL V (NCT01952145) [8] and DUAL VII (NCT02420262) [9] . The comparator arms were continued up-titration of IGlar U100 (DUAL V) or basal-bolus therapy [continued uptitration of IGlar U100 once-daily + initiated insulin aspart (IAsp) up to four times daily, DUAL VII] [8, 9] .
We compared treatment effects on participants grouped by pre-trial insulin dose into three categories: 20-29, 30-39 and 40-50 units/day. Both trials were phase III, open-label, twoarm parallel, randomized, controlled, treat-to-target trials, with a treatment period of 26 weeks and their designs have been described previously [8, 9] . Briefly, adults with uncontrolled type 2 diabetes (HbA 1c 53-97 mmol/mol; 7.0-10.0%) receiving 20-50 units IGlar U100 and metformin, with a BMI ≤ 40 kg/m 2 , were randomized 1:1 to receive IDegLira or comparator, with pre-trial metformin, for 26 weeks [8, 9] . Prior to the initiation of both trials, the protocol, consent form, and patient information sheet were reviewed by an independent ethics committee. Both trials were conducted in accordance with International Conference on Harmonisation Good Clinical Practice [13] and the Declaration of Helsinki [14] .
IDegLira was initiated at 16 units (16 units degludec/0.58 mg liraglutide) once daily, independent of meals, at approximately the same time each day and titrated to a maximum dose of 50 units (50 units degludec/1.8 mg liraglutide) [8, 9] . IGlar U100 was administered once daily according to local labelling and continued at the pre-trial dose (DUAL V), or a dose equivalent to the pre-trial dose as part of a basal-bolus regimen (DUAL VII). There was no maximum dose of either IGlar U100 or IAsp [8, 9] . Details of dose adjustments of IDegLira and IGlar U100 are provided in Doc. S1.
The following outcome measures were assessed in the two studies: change from baseline in HbA 1c after 26 weeks of What's new?
• IDegLira is a once-daily, fixed-ratio insulin degludec/ liraglutide combination for people with type 2 diabetes (starting dose 16 units following basal insulin or glucagon-like peptide-1 receptor agonists).
• This post hoc analysis of DUAL V and VII demonstrated that benefits of IDegLira over basal and basalbolus insulin are observed after switching from 20-29, 30-39 or 40-50 units of basal insulin.
• People with type 2 diabetes uncontrolled on 20-39 units of basal insulin maintained glycaemic control during initial weeks when switching to IDegLira. People switching from 40-50 units of basal insulin also experienced improved clinical outcomes, but may require additional monitoring in the first four weeks.
treatment (primary endpoint); changes in body weight and hypoglycaemic episodes (confirmatory secondary efficacy endpoints) over 26 weeks; insulin dose after 26 weeks of treatment; percentage of participants achieving HbA 1c <53 mmol/mol (7.0%) (supportive secondary efficacy endpoints).
The trial product was discontinued if the fasting SMBG values taken on three consecutive days, or if any of the FPG samples analysed by the central laboratory exceeded the limit of 15.0 mmol/l from baseline to week 6, 13.3 mmol/l from week 7 to week 12, 11.1 mmol/l from week 13 to week 26, or if there was no treatable intercurrent cause for the hyperglycaemia. Plots showing individual participants' fasting SMBG over the first 8 weeks were generated to provide additional data for every participant within the subgroup that were not captured by reporting only the mean SMBG. Criteria for withdrawal in DUAL V and rescue in DUAL VII are described in Doc. S1.
Statistical analysis
The primary analyses from the DUAL V and DUAL VII trials were repeated according to pre-trial insulin dose subgroups of 20-29, 30-39 and 40-50 units/day. In DUAL V, continuous variables (insulin dose and change in HbA 1c , FPG and body weight) were analysed using an analysis of covariance model with subgroup, treatment, region (Europe, Africa, North America, South America, Australia) and interaction between subgroup and treatment and region as fixed factors and baseline response as covariates. Data were based on the full analysis set, with missing data imputed using the pre-planned method of last observation carried forward, as specified in the protocol. In DUAL VII, for continuous variables, a mixed model for repeated measurements with an unstructured covariance matrix was used. The model includes subgroup, treatment, visit and region as fixed factors and baseline response as covariate. The interactions between subgroup 9 treatment 9 visit, region 9 visit, baseline response 9 visit are included in the model (9 denotes interaction). Data were based on the full analysis set.
In both trials, hypoglycaemia (confirmed in DUAL V; severe or blood glucose-confirmed symptomatic in DUAL VII) was analysed using a negative binomial regression model with a log link and the logarithm of the time an event was considered treatment-emergent as offset based on the full analysis set with subgroup, treatment, interaction between subgroup and treatment and region as fixed factors.
Results
Baseline characteristics by pre-trial dose group
Baseline characteristics were broadly similar across pre-trial insulin dose groups (Table S1 ). Body weight and BMI were slightly higher in the highest pre-trial dose groups.
Glycaemic control
In DUAL V, participants receiving IDegLira had significantly greater HbA 1c reductions from baseline to end of trial vs. IGlar U100 for all pre-trial dose groups (P < 0.0001 for all, Fig. 1a ). In DUAL VII, participants achieved similar levels of HbA 1c reductions for both IDegLira and basal-bolus therapy at end of trial, regardless of pre-trial insulin dose group (Fig. 1b ). Subgroup results were in line with the overall population [8, 9] . There was no significant interaction between pre-trial insulin dose group and treatment in either the DUAL V (P = 0.85) or DUAL VII (P = 0.86) trials for change in HbA 1c from baseline to end of trial; there was no effect of pre-trial dose group on the observed differences between IDegLira and comparator.
More participants achieved HbA 1c < 53 mmol/mol (7.0%) at end of trial in DUAL V with IDegLira vs. IGlar U100 in all pre-trial dose groups (Fig. 2a (Table S2 ). End of trial reductions in FPG were similar between treatments for all pre-trial dose groups, in both DUAL V and DUAL VII, as expected in a treat-to-target trial ( Fig. S1 ).
Mean fasting SMBG decreased between week 1 and week 8 across all pre-trial dose groups and treatment arms for both trials (Fig. 3 ). In the first week post-randomization, there was an initial increase in fasting SMBG in the 40-50 units group only, in both DUAL V and DUAL VII. In DUAL V, mean change (SD) from baseline to week 1 in fasting SMBG was -0.5 (2.1) mmol/l in the 20-29 units group, 0.3 (2.4) mmol/l in the 30-39 units group and 1.1 (2.0) mmol/l in the 40-50 units group with IDegLira. In DUAL VII, mean change (SD) from baseline to week 1 in fasting SMBG was -0.3 (1.8) mmol/l in the 20-29 units group, -0.2 (1.6) mmol/ l in the 30-39 units group and 1.1 (2.1) mmol/l in the 40-50 units group with IDegLira. With the highest pre-trial dose (40-50 units), mean fasting SMBG decreased after the first week and was at or below baseline by week 4 (Fig. 3 ). Between only two and four participants in the 40-50 units group had a SMBG of > 11 mmol/l at the end of the trials ( (Table S3 ).
Insulin dose
End of trial insulin dose was significantly lower (P < 0.0001) with IDegLira vs. comparator across all pre-trial dose groups (Fig. 4 ) in both trials. End of trial insulin dose increased with increasing pre-trial dose in all treatment arms, but to a far greater extent in the comparator arms. In DUAL V, end of trial mean insulin dose (SD) was 38.1 (11.2), 40.6 (9.6) and 46.3 Data are observed means based on the full analysis set using either last observation carried forward imputed data for DUAL V or observed data with no imputation for DUAL VII. In DUAL V, change in HbA 1c was analysed using an analysis of covariance (ANCOVA) model (including the variables: subgroup, treatment, interaction between subgroup and treatment and region as fixed factors and baseline response as covariates). In DUAL VII, the mixed model of repeated measures (MMRM) included subgroup, treatment, visit and region as fixed factors and baseline response as covariate and the interactions subgroup 9 treatment 9 visit, region 9 visit, baseline response 9 visit. Mean value (AE SEM) at EOT. *P ≤ 0.0001. N † is the number of participants with a recorded absolute change in HbA 1c . There was no significant interaction between pre-trial insulin dose groups and treatment arm in either the DUAL V (P = 0.85) or DUAL VII (P = 0.86) trials in HbA 1c from baseline to end of trial. EOT, end of trial; ETD, estimated treatment difference (with 95% confidence intervals); IAsp, insulin aspart; IDegLira, insulin degludec/liraglutide; IGlar U100, insulin glargine 100 units/ml. dose 69.4 (38.6), 85.9 (41.0) and 101.2 (48.9) units/day]. As a result, the treatment difference increased with increasing pre-trial insulin doses, resulting in a significant interaction between pre-trial insulin dose and treatment in both the DUAL V and DUAL VII (P < 0.0001) trials for end of trial insulin dose.
Participants in comparator arms continued to up-titrate their insulin dose throughout the study, whereas the dose of IDegLira reached a plateau at~12 weeks, despite the insulin dose being reduced in the IDegLira arm rather than continued with the comparator.
Body weight
On average, IDegLira provided body weight loss vs. body weight gain with comparator across all pre-trial dose groups in both trials, with the estimated treatment difference being significant for all comparisons (P < 0.0001) ( Fig. 5 ). There was a significant interaction between pre-trial insulin dose and treatment in DUAL VII (P = 0.03), but not DUAL V (P = 0.17).
Hypoglycaemia
In both DUAL V and DUAL VII, rates of hypoglycaemia were significantly lower in participants treated with IDegLira vs. comparator for all pre-trial dose groups ( Table 1) . The greatest treatment difference in hypoglycaemic events was seen in the 40-50 units groups of each trial, with rate reductions of 85% and 77% with IDegLira vs. basal-bolus and IGlar U100, respectively. There was no significant interaction between pre-trial insulin dose group and treatment in either the DUAL V (P = 0.09) or DUAL VII trials (P = 0.23) for hypoglycaemia rates.
Discussion
In summary, the present findings demonstrate that there is no loss of glycaemic control when converting from any dose between 20 and 39 units of IGlar U100 to the starting dose of 16 units IDegLira. For participants on 40-50 units of basal insulin at baseline, there is a short-lived, small rise in fasting SMBG within the first week after switching from basal insulin to IDegLira. Fasting SMBG corrected to baseline values by week 4 of converting to IDegLira. Regardless of the pre-trial insulin dose group, IDegLira provided statistically significantly greater HbA 1c reductions compared with IGlar U100 up-titration and similar HbA 1c reductions vs. basalbolus therapy over 26 weeks of follow-up. This was consistent with the overall trial results and demonstrated that after 26 weeks, participants in the higher pre-trial dose groups also benefited from improved glycaemic control with IDegLira.
Fasting SMBG with the highest pre-trial insulin dose (40-50 units) increased in the first week after the change in treatment but improved thereafter with adequate dose uptitration and was comparable with or below the baseline value by week 4 of the studies. To minimize the risk of shortterm deterioration in glycaemic control, we recommend that people who switch from 40-50 units of basal insulin are adequately informed of this possibility, are given parameters for which to contact their healthcare provider (fasting SMBG >15 mmol/l, as in the clinical trial protocol), and ensure twice-weekly titration. Although untested, providers could choose to lower the original basal insulin dose instead of discontinuing it, and continue decreasing the insulin over 2-3 weeks as the IDegLira dose is increased. This strategy would seldom be needed, as significant glycaemic deterioration (requiring withdrawal or protocol-driven rescue therapy) did not occur in any IDegLira-treated participants of DUAL V and only one in an IDegLira-treated participant of DUAL VII. Indeed, the individual SMBG plots showed that most participants receiving the highest pre-trial dose of either treatment did not reach 15.0 mmol/l, and most of those who did returned to pre-trial levels in ≤ 4 weeks.
Across all pre-trial insulin dose groups, IDegLira treatment also provided weight loss vs. weight gain, fewer hypoglycaemic episodes and a lower end of trial insulin dose, compared with both IGlar U100 and basal-bolus therapy. These benefits are consistent with previous findings [15] and are likely attributable to the contribution of the liraglutide [10] , as well as the long duration and predictable pharmacodynamic profile of degludec [16] . Liraglutide has a glucose-dependent mechanism of action that targets postprandial excursions as well as FPG, and has been associated with decreased appetite [17] . As a result, combining liraglutide with basal insulin has the benefit of improving Data are observed means based on the full analysis set using either last observation carried forward imputed data for DUAL V or observed data with no imputation for DUAL VII. In DUAL V, change in body weight was analysed using an analysis of covariance (ANCOVA) model (including the variables: subgroup, treatment, interaction between subgroup and treatment and region as fixed factors and baseline response as covariates). In DUAL VII, the mixed model of repeated measures (MMRM) included subgroup, treatment, visit and region as fixed factors and baseline response as covariate and the interactions subgroup 9 treatment 9 visit, region 9 visit, baseline response 9 visit. *P ≤ 0.0001. There was no significant interaction between pre-trial insulin dose groups and treatment arm in the DUAL V (P = 0.17) trial; however, there was a significant interaction in DUAL VII (P = 0.03) in participants' body weight. ETD, ETD, estimated treatment difference; IAsp, insulin aspart; IDegLira, insulin degludec/liraglutide; IGlar U100, insulin glargine 100 units/ml. Rates of severe or blood glucose-confirmed symptomatic hypoglycaemia (defined as severe according to American Diabetes Association classification or blood glucose-confirmed by blood glucose value < 3.1 mmol/l with symptoms consistent with hypoglycaemia). Hypoglycaemia was analysed using a negative binomial regression model with a log link and the logarithm of the time an event was considered treatment-emergent as offset based on full analysis set with subgroup, treatment, interaction between subgroup and treatment and region as fixed factors. IAsp, insulin aspart; IDegLira, insulin degludec/liraglutide; IGlar U100, insulin glargine 100 units/ml. glycaemic control with a lower risk of hypoglycaemia and weight gain [18] in an insulin-sparing manner. These benefits appear to be more pronounced in people switching from the highest pre-trial insulin dose groups of either trial; the largest treatment difference in end of trial insulin dose is observed in this group. This underscores the value of combining advanced treatment options, such as insulin degludec and liraglutide, in a convenient and simple treatment regimen in one pen, with once-daily administration at any time of day independent of meals, to mitigate side effects, while also maximizing the benefits on efficacy and safety profile [19] . The outcomes described were achieved with timely titration as recommended in the prescribing information [11, 12] , and this is crucial to achieving optimal outcomes with IDegLira or any insulin product. IDegLira was titrated twiceweekly, based on the mean of three consecutive daily fasting SMBG values, to a fasting glucose target of 4.0-5.0 mmol/l. Specifically, with the highest pre-trial dose (40-50 units), the average dose of IDegLira was~40 units by week 12 and plateaued thereafter. This is in contrast to the end-of-study IDegLira dose reported from the EXTRA study, a European, multicentre, retrospective chart review of 611 participants with type 2 diabetes, in which participants had a mean IDegLira dose of 30.2 units at 6 months and mean HbA 1c was 59 mmol/mol (7.5%), from a baseline value of 69 mmol/ mol (8.5%) [20] . These results suggest that real-world outcomes could be further improved with greater focus on titration. It may be useful to inform people that the average IDegLira dose was~40 units by week 12 as a frame of reference, to help empower them to titrate in a timely manner.
One limitation inherent to clinical trials is the difficulty of generalizing findings to clinical practice. This is owing to the more careful follow-up and attention to medication adherence that people receive in the clinical trial setting. Participants in clinical trials, who are selected using strict inclusion and exclusion criteria, tend to have fewer co-morbidities and are more motivated than the general population with type 2 diabetes, who may have more complex needs [21] . However, the broad inclusion criteria in terms of BMI, insulin dose range and HbA 1c ensured an overall population reflecting people with type 2 diabetes requiring intensification of their basal insulin treatment. Additionally, the comparison with basal-bolus therapy, the current gold standard of treatment intensification when basal insulin replacement is insufficient, gives important clinical information on IDegLira as a treatment option. In clinical trials, titration guidelines are more aggressively enforced than is usually done in routine clinical practice; however, any limitations regarding inadequate titration would apply equally to IDegLira and comparator, and hence conclusions based on clinical trial comparisons are expected to be valid in a broader context.
In conclusion, this post hoc analysis demonstrated that participants switching from ≤ 50 units of basal insulin to 16 units IDegLira, experienced comparable reductions in HbA 1c vs. basal-bolus therapy and statistically significantly greater reductions with IDegLira vs. IGlar U100. In addition to glycaemic control, participants receiving IDegLira also experienced fewer hypoglycaemic episodes, weight loss vs. weight gain and were receiving a lower total insulin dose after 26 weeks compared with participants receiving IGlar U100 or basal-bolus therapy. Although a brief deterioration in glycaemic control was observed in some of those who switched from the highest pre-trial insulin dose (40-50 units), this deterioration was seldom clinically relevant and was transient (lasting < 4 weeks), with timely titration.
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